We would like to comment on the paper by Dotan et al. (8) entitled "Child-adult differences in muscle activation -a review." Dotan et al. 's review (8) in conjunction with the commentary of O'Brien et al. (20) constitutes an important contribution to the question "who are stronger: children or adults?" based on specific force comparisons between children and adults and not on absolute values. For simplification reasons, we would like to limit the context of this question to single-joint isometric and isokinetic contractions only. Hence, we will not discuss multi-joint dynamic actions.
Strength Comparison
First, one must decide on the appropriate variable for strength comparison: force, torque, or both. Second, one should determine the optimal scaling method.
In determining the appropriate variable for strength comparison, one must take into account the fact that the moment arm is smaller in children (16) . In addition, O'Brien et al. (16) demonstrated that the moment arm is correlated with anthropometric parameters in children but not in adults and therefore argued that "the knee extensor mechanism in pre-pubertal children should not be considered to be a 'scaled-down' version of that in adults" (p. 204). For this reason, we believe that torque per se should not be used as an indicator for the estimation of strength differences between children and adults, because it is moment-arm dependent. Rather, we recommend the use of force for the purpose of age-related comparisons.
Regarding the issue of strength normalization, muscle anatomical crosssectional area (ACSA) or muscle volume is often used, although both approaches are subjected to limitations when comparing strength (force) among different age groups. O'Brien et al. (17) suggested that muscle volume is preferable to ACSA. In fact, many studies recommend the use of ACSA (2,10,23), but not all (1) . We propose that ACSA is not the accurate method for normalizing strength values, because it does not account for the muscle fibers' pennation angle. In the case of muscle volume, it should be stressed that muscle, or fiber length, does not contribute directly to strength but mainly to muscle power. Therefore, muscle volume could be more appropriate for power normalization. In our opinion, physiological cross-sectional area (PCSA) could be the most appropriate method for force normalization, because it includes additional physiological and anatomical parameters that affect strength output. For the pennated muscles especially, PCSA should be used, because it takes into account the pennation angle, whereas ACSA does not. Until now, only two studies compared prepubertal children and adults using PCSA. More particularly, O'Brien et al. (19) did not find any age-related differences in the specific tension (force), and Morse et al. (15) found higher specific force in children. This discrepancy could be attributed to the fact that different muscles were examined in these studies. In addition, methodological limitations associated with the reliability and accuracy (i.e., estimation of MVC, changes in moment arm during contraction) as well as simplifications and assumptions taken for granted (i.e., muscle consists uniformly of contractile material) should be seriously considered in future studies. We would like to emphasize that though no significant differences in pennation angle were observed in both studies, it is recommended that pennation angle, including other muscle groups as well, should be considered in future studies. Thus, the current available literature suggests that specific tension is either similar or greater in prepubertal children compared with adults. Regarding this issue, there is no study involving younger children. Hence, the limited knowledge and the conflicting outcome of the available studies imply that further research on the specific force in prepubertal children and adults is required to understand the nature of these discrepancies.
O'Brien et al. (19) concluded that the increased muscle strength observed with maturation could be attributed to the increased level of voluntary activation. However, the specific tension does not necessarily increase during the rest of the developmental period, and its outcome is mainly dependent on the applied method (23) . Thus, the following question arises: "Why should children present a neuronal deficit when compared to adults if no force difference exists?"
Neural Activation
Generally speaking, the corticospinal tract undergoes continuous maturation during the first 10 years of age and then remains stable (6) . Moreover, during the prepubertal period (9-12 years old), both boys' and girls' force outputs are based mainly on the internal feed-forward system, as are adults' force outputs; whereas in early childhood (5-8 years old), force output is based on both visual and feedback system (21). Smits-Engelsman et al. (21) reported a maturation effect on the neuronal control of force production until 9-10 years of age. This suggests that neuronal activation may also mature during childhood and, by the pubertal period, may be similar to that of adults.
Current techniques permit us to evaluate neural activation with two approaches: the interpolated twitch technique (evoked activation) and electromyography (EMG, voluntary activation).
Using the interpolated twitch technique to evaluate motor-unit activation, Belanger and McComas (5) showed that most children younger than 13 years old can fully (>95%) activate the motor units of their plantar flexors. The reported differences in motor-unit activation between children and adolescents, although not significant (94.0% vs. 99.4%), could be attributed to the fact that, in this study, a 6-year-old boy with a very low motor-unit activation (65%) was included. In line with this finding, Grosset et al. (12) reported no significant differences in motorunit activation, expressed as activation deficit, between 8-to 11-year-old children and adults-although motor-unit activation was lower for the younger children (7 years old). Similar results were found for prepubertal children's (9-11 years old) motor-unit activation in the plantar flexor muscles (13) .
In other studies related to the knee joint, using either electrical (22) or magnetic (18) stimulation, it was found that prepubertal children's motor-unit activation was generally lower than adults'. However, when sex comparisons were made, only girls presented lower motor-unit activation than women. Still, however, we are not able to accept or reject the hypothesis that any observed difference in activation deficit between different age or sex groups is attributed to lower Type II motor-unit activation, as interestingly stated by Dotan et al. (11) , because the currently used techniques do not permit us to do so. Intramuscular electromyography could provide direct evidence, but due to ethical issues for application in children, future studies should focus on indirect evidence on the above mentioned issue.
Regarding the evaluation of activation via electrical stimulation, interesting findings were reported for the maximum M-wave. Maximum M-wave is considered to represent the compound muscle action potential of all motor units, and it depends on muscle thickness (7), among other factors. Unexpectedly, no differences in M-wave peak-to-peak amplitude were detected between prepubertal children and adults (5, 11, 12) , and Hatzikotoulas et al. (13) observed no differences between boys and adults. According to Grosset et al. (11) , these findings could be attributed to a combination of factors that include the size and number of action potentials detected from the same-sized electrodes that were used and the skin thickness. However, this point needs further consideration.
Agonist EMG, assessed by surface electrodes, indicates the level of muscle activation via voluntary effort. This method cannot distinguish between the different causes for increased activation (i.e., motor-unit recruitment, firing rate, and synchronization). Furthermore, surface EMG is affected by signal cancellation (14) and therefore reflects a percentage of the descending neural drive (9) . Several studies indicate that the agonist EMG activity, normalized to the M-wave amplitude, is lower in children (12,13)-indicating that there is a deficit in children's muscle activation compared with adults.
Regarding the antagonist muscle activity, our research group reported that there is no difference between prepubertal boys and adults, both in concentric and eccentric contractions, in different angular velocities, and for knee flexors and extensors (4) . Moreover, no differences in antagonist activity was found in isokinetic knee flexion between 6-to 12-year-old boys and adults (3); similar conclusions were reported for antagonistic activity of elbow joint muscles as well (8) . Regarding isometric contractions, no differences were observed between children and adults in the antagonistic coactivation in knee extension (18) and plantar flexion (15) . In contrast, Grosset et al. (12) reported a gradual decline in antagonist (i.e., dorsiflexors) muscle activity from childhood to adulthood during maximal isometric plantar flexion. Similarly, a higher coactivation of the dorsiflexors during maximal isometric plantar flexion was reported by Hatzikotoulas et al. (13) in prepubertal children compared with adults. Thus, the contribution of antagonist muscles to force differences between children and adults is unclear.
Based on the acquired information we may suggest the following:
• It is yet unclear whether specific tension is different between children and adults.
• Boys may have greater deficit in neural activation only during early childhood, and this age-related difference is no longer apparent during puberty. However, this is not evident for the girls. Thus, all mentioned groups which present an activation deficit might not be able to effectively activate their Type II motor units.
• Antagonist-muscle activity differences between children and adults and its relationship with neuromuscular activation are inconsistent.
In conclusion, though force production in absolute terms is consistently lower in children compared with adults, it is unclear whether this difference is caused only by the differences in muscle mass or also by lower neural activation and higher antagonist-muscle activity. More research is required to enlighten the factors explaining children's lower force production.
